Introduction {#sec1-1}
============

Head and Neck Cancer (HNC) is a major health problem world over and especially in India. The incidence of this cancer varies from 22.8--28.6 per 100,000 populations among males and 6.9--11.2 per 100,000 females in various cancer registries in India. In Thiruvananthapuram, it is estimated to be 21.4 and 9.1 per 100,000 among men and women respectively.\[[@ref1]\] The 5-year survival after treatment is poor, mainly due to residual disease following treatment or development of loco-regional recurrences or Second Primary Tumours (SPT). Most loco-regional recurrences develop during the first two years following treatment. Even among successfully treated patients with early-stage disease, about 15-20% develops SPT over a five years period.\[[@ref2][@ref3][@ref4]\] The clinical manifestations of carcinogenesis occurring in head and neck region support the field cancerization concept. The high frequency of SPT in treated HNC patients are attributed to field cancerization, which assumes that the index tumour and second primaries result from progression of commonly initiated premalignant lesions.\[[@ref5][@ref6][@ref7]\]

In Ayurveda, there are several plant based products which have reported anti-tumour properties and the ability to improve the immune system of patients.\[[@ref8]\] The study compound *Varunadi Ghritha* has traditionally long been used by Ayurvedic physicians in the management of tumours of the head and neck; both benign and malignant.\[[@ref9][@ref10]\] It is reported to be free of any side effects and no toxicity has been reported for this compound so far. *Varunadi Ghritha* is also frequently advised for cancer patients who have completed radiation and chemotherapy for preventing the recurrence of the disease by general practitioners of Ayurveda. Though no scientific study with *Varunadi Ghritha* has been reported yet many of the individual components used for the preparation of this compound \[[Table 1](#T1){ref-type="table"}\] have been studied separately for their anti-tumour properties.

###### 

Ingredients of *Varunadi Ghritha*
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The anti - cancer activity and cytotoxic activity as well as immunomodulatory effect of *Semecarpus anacardium* Lf. fruit nuts has been demonstrated.\[[@ref11][@ref12][@ref13]\] Extracts of *S. anacardium* have been found to induce programmed cell death.\[[@ref14]\] Extracts from *Aegle marmelose* L. (Correa) have been found to inhibit *in vitro* proliferation of human tumour cell lines and its anticancer effect has also been shown *in vivo*.\[[@ref15][@ref16]\] Niazimicin (3) isolated from the ethanol extract of *Moringa oleifera* Lam. has anti tumour properties.\[[@ref17][@ref18]\] *Ferula assa-foetida* L. extracts inhibited two stage chemical carcinogenesis.\[[@ref19]\] The anti oxidant and anticarcinogenic potential of *F. assa-foetida* has also been studied.\[[@ref20]\] The effect of *Plumbagin* isolated from *Plumbago rosea* L., on mouse Ehrlich ascites carcinoma *in vivo* exposed to gamma radiation showed significant micronuclei induction with the drug or radiation alone. However the combination of the two further enhanced this effect.\[[@ref21]\] The tumour growth inhibitory and radio sensitizing effects of the alchoholic root extract of *Plumbago rosea* on experimental mouse tumours suggest that it may be a good product for use with radiation to enhance tumour-killing effect; the anticancer mechanism of plumbagin also has been studied.\[[@ref22][@ref23]\] *Terminalia chebula* Retz. another ingredient in *Varunadi Ghritha* has immunomodulatory, anti-oxidant and free radical scavenging activities.\[[@ref24][@ref25]\] Studies also reveal that *T. chebula* extract increased cell viability, inhibited cell proliferation and induced cell death.\[[@ref26]\] Another ingredient, *Asparagus racemosus* Willd. was found to inhibit mammary carcinogenesis and have immunomodulatory action as well as antioxidant properties.\[[@ref27][@ref28][@ref29][@ref30][@ref31]\] The indications of *Varunadi Ghritha* as mentioned in Ashtangahrudaya.\[[@ref10]\]

In Ayurveda, *Varunadi Ghritha* is indicated in the management of internal tumours both benign and malignant and has been used since several years without any reported toxicity. However; no proper scientific evaluation of this drug has been carried out so far. The aim of this study is to test the role of *Varunadi Ghritha*, as an immunomodulator in apparently healthy, treated and controlled HNC patients and to evaluate its effectiveness in preventing locoregional relapses and development of second primary tumours.

Material and Methods {#sec1-2}
====================

Selection of patients {#sec2-1}
---------------------

Between November 2005 and December 2006, 78 patients of HNC who were in complete remission on two consecutive follow up visits following primary treatment were randomly selected into the intervention and control group after getting informed consent. All these patients received radiotherapy, 13 patients in the intervention arm and 11 patients in the control arm received additional chemotherapy. Randomization was done using a computer generated randomization chart. This study was approved by the Institutional Review Board and the Institute Ethics Committee (IEC) of Regional Cancer Centre, Thiruvanathapuram.

Methods {#sec2-2}
-------

Patients in the intervention group received 5 gms of *Varunadi Ghritha* twice daily orally for one year and were followed up at three monthly intervals during the second year. Patients in the control group were followed up at 3 monthly intervals for two years without any medication. During each visit patients were examined for loco-regional recurrence, measurement of body weight and blood samples collected for estimation of haemoglobin, liver and renal function tests and cholesterol levels to monitor for any toxicity for the study compound. Chest X -- ray was taken at 6 monthly intervals. Blood was taken for assessment of immune function parameters at baseline, 6 months and 12 months or at the time of failure, whichever was earlier. Failure was defined as loco-regional recurrence or development of metastasis or second primary tumour. The study was completed on 31^st^ December 2008. However, follow up data regarding the occurrence of second primary tumour and loco-regional recurrence were collected up to December 2010.

Preparation of study drug {#sec2-3}
-------------------------

The ingredients of *Varunadi Ghritha* are depicted in [Table 1](#T1){ref-type="table"}. All the ingredients were used for the preparation of the *Ghritha* after confirming their identities by typical morphological features. The drug was prepared strictly under the supervision of an Ayurvedic physician as per the method of preparation mentioned in the Ayurvedic Formulary of India.\[[@ref9]\]

Assessment of immune cells {#sec2-4}
--------------------------

Peripheral blood was obtained for analysis of immune cells. Blood was drawn into heparin containing vacutainer tubes, diluted 2:1 with 1X PBS and then separated by centrifugation over a Histopaque-10771 (Sigma, St. Louis, MO) density gradient for 20 min at 1000 × *g* at room temperature. Peripheral blood mononuclear cells (PBMCs) were collected, washed and analysed by flow cytometry to determine cell type. Immunopheno type was determined by CD3 PE, CD19 FITC, CD16 Clone NKP15 FITC (BD Biosciences, San Jose, CA). Briefly, the cells were pelleted down, washed in 1XPBS, treated with antibodies (1: 100 dilution) in 1% BSA in 1X TBST and incubated for 3 h in 37°C water bath. At the end of the incubation period, the cells were pelleted, washed with 1XPBS, filtered using a cell strainer and analyzed by flow cytometer (BD Facs ARIA). The results obtained were stored as percentage of antibody positive cells.

Data management and statistical analysis {#sec2-5}
----------------------------------------

Data were entered in Epi Info and analyzed using STATA 10.0 software package. Demographic, clinical and pathological characteristics and recurrence rates of subjects were compared between the intervention and control groups using Chi - squared (χ^2^) or Fisher\'s exact test. The effect of the intervention on loco-regional recurrences and second malignancies were estimated with hazard ratios (HRs) and their 95% confidence interval (CIs), derived from Cox proportional hazards regression analysis. Because of the small sample size, statistical adjustment to measure the effect of the intervention was done in separate regression models for each of the following variables: age (categorized into \<50 and ≥50 years), gap between treatment and recruitment (categorized into \<6 and ≥6 m), histology {categorized into Early/Well differentiated squamous cell carcinoma (WDSCC), moderately and poorly differentiated squamous cell carcinoma (MDSCC/PDSCC) and squamous cell carcinoma (SCC)}, N stage (categorized into negative and positive), T stage (categorized into stages T1 - T2 and T3 - T4), composite stage (categorized into stages I - II and II I-IV) and site (categorized into oral cavity, oropharynx, hypopharynx, larynx).

The number of person-years in the intervention and control groups was estimated from the date of recruitment to date of recurrence or last follow-up visit, whichever came first. Changes in percentage of antibody positive cells were obtained by taking the difference between the values at the end of the study and the baseline values. Mean percentage change in CD3, CD19 and CD16 were calculated and compared using the *t*-test. The disease free survival was estimated using Kaplan -- Meier method.

Observations and Results {#sec1-3}
========================

There were 38 patients in the intervention group and 40 in the control group. One patient in each group was later found to be HbsAg positive and excluded from the study. Another patient in the control group did not come for follow up after randomization. The baseline characteristics of patients in both groups were similar as shown in [Table 2](#T2){ref-type="table"}.

###### 

Comparison of baseline characteristics of patients in both groups
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There were no significant difference in the mean change in hemoglobin, cholesterol and weight at the beginning and end of the study in both groups, although the trial drug was a lipid based preparation. No major toxicity for the study compound was observed. None of patients in the intervention group had any derangement of liver and renal functions. Unlike control group, patients in the intervention group experienced lesser side effects of radiotherapy such as intolerance to spicy food and difficulty in swallowing which is usually found in patients who undergo external radiotherapy for HNCs. Patients in the intervention group also had good appetite and better taste sensation. The compliance to the study medication was good.

At the end of the follow-up, 674 months and 671 months were accrued in the intervention and control groups, respectively. The number of failures were almost identical in both groups, 10 out of 37 (27.0%) in the intervention group and 11 out of 38 (28.9%) in the control group. In the intervention group all failures were loco- regional (primary alone 3, node alone 6 and primary + node 1). None of the patients in the intervention group developed distant metastasis or second primary tumour. Total 03 out of 10 failures in the intervention group were immediately following recruitment into the study (within two months). In the control group, 01 patient developed distant metastasis, 03 patients developed second malignancy and 07 had loco-regional recurrence (primary alone 4, node alone 2 and primary + node 1). The proportions of failures under various host and disease related parameters are shown in [Table 3](#T3){ref-type="table"}. [Table 4](#T4){ref-type="table"} shows the effect of intervention on loco-regional recurrences and second malignancies compared to the control group obtained from the different adjusted regression models. All adjusted models did not show significant reductions in failure in the intervention group compared to the control group. However, a 29% non significant reduction was obtained after adjustment for composite stage (HR = 0.71, 95% CI = 0.30-1.71), followed by a 23% reduction after adjustment for N stage (HR = 0.77, 95% CI = 0.32-1.83). Other non significant reduction observed was 20% from the regression model after adjustment for histology type. The disease free survival was almost similar in both groups \[[Figure 1](#F1){ref-type="fig"}\].

###### 

Proportion of failures under various categories by group

![](AYU-35-168-g003)

###### 

Effect of intervention on failure using cox regression
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![Kaplan-Meier disease-free survival to recurrence by study group](AYU-35-168-g005){#F1}

The mean percentage change in the CD3, CD19 and CD 16 values at the end of the study and the baseline values are presented in [Table 5](#T5){ref-type="table"}. Significant mean percentage increases in CD3, CD19 and CD16 were observed in the intervention group compared to the control group.

###### 

Mean change in CD3, CD19 and CD16
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Discussion {#sec1-4}
==========

Immune system plays an important role in tumour growth and regression. Human lymphocytes are classified into three major populations based on their biological function and cell-surface antigen expression: T lymphocytes, B lymphocytes and Natural Killer (NK) lymphocytes. T lymphocytes express the cell surface antigen CD3; B lymphocytes express cell surface antigen CD 19 and NK cells CD16. Patients with HNC have significantly lower absolute number of CD3+, CD4+, CD8+ cells. Several investigators have observed that the decreased T cell count remain as such and never come back to normal levels even in patients who remain disease free following treatment.\[[@ref32][@ref33][@ref34]\] It was also observed that the decrease in the T cell count progresses with increase in stage of the disease.\[[@ref34]\] A higher recurrence rate was observed among those who had poor CD3 count.\[[@ref35]\] A lower peripheral blood lymphocyte NK activity has also been reported in patients with HNC.\[[@ref36]\] A lower NK cell activity has been observed in patients with recurrence when compared to those who remained disease-free.\[[@ref37]\]

Loco-regional recurrence and second primary tumours are major determinants of survival in the HNC patients. Several agents with antioxidant and anti-proliferative properties have been evaluated in improving disease-free survival.\[[@ref38][@ref39][@ref40]\] However, results have not been encouraging.

The ingredients of *Varunadi Ghritha* is indicated in the management of *Anthar Vidradhi* (internal tumours both benign and malignant).\[[@ref10]\] Therefore; by administering this compound to patients who are treated and cured of primary cancer, it is anticipated that it can prevent the development of recurrence and second primary tumours in these patients by preventing the tumorigenesis at the celluar level. *Varunadi Ghritha*, a polyherbal Ayurvedic compound has several ingredients with immunomodulatory, anti-proliferative and anti-carcinogenic properties.\[[@ref13][@ref15][@ref19]\] The present study showed a significant increase in the CD3, CD19 and CD16 positive cells in patients with treated HNCs in remission, following administration of *Varunadi Ghritha*, indicating a possible immunomodulatory effect of the Ayurvedic compound. The mean change in CD3, CD19 and CD16 cell count was slightly lower in the control group indicating the persistently lower lymphocyte count in HNCs as observed by several other investigators.\[[@ref32][@ref33]\]

The disease failure was similar in both groups. However, three out of 10 failures in the intervention group were immediately following the recruitment into the study (within two months) compared to none in the control group. The failure in these 3 patients immediately following the recruitment may be due to the presence of subclinical disease at the time of recruitment. Advanced stage at presentation and node positivity are the two important prognostic factors in HNC.\[[@ref41][@ref42]\] The Cox regression analysis of the data in the present study showed lower failure rate in patients with advanced stage and nodal disease after adjustment for other variables in the intervention group compared to the control group. This indicates a better tumour control in patients with poor prognostic factors. Although a notable fact, this was not statistically significant may be due to the small number of patients in the study groups.

A favourable symptomatic improvement in the late effects of radiotherapy such as dryness of mouth, intolerance to spicy food, discomfort in the throat and difficulty in swallowing were observed in the intervention group and the patients in the intervention group had good quality of life, although this study was not primarily designed to evaluate quality of life issues. The compliance to medication was also good.

Immune surveillance in cancer is a complex process in which T cells and tumour cells influence each other in several ways. The present study clearly showed an immunomodulatory effect following administration of *Varunadi Ghritha*. Considering the fact that most of the failures in the intervention group were in the regional lymph nodes, it is possible that the T cells identified in the peripheral blood may not have the potential to migrate to the regional nodes because of the effects of previous irradiation. However, since this is a small pilot study, further investigations with more number of patients and functional studies with migratory pattern of T cell responses are needed.

Conclusion {#sec1-5}
==========

Administration of *Varunadi Ghritha* resulted in an increase in CD3, CD19 and CD16 cells in the study subjects indicating an immunomodulatory effect of the study compound. Although the survival and disease failure were similar in both groups, a trend in better disease control was observed in patients with advanced stage disease in the intervention group. A significant increase in CD3 count, a pan T cell marker, was found in patients after treatment for HNCs which has probably never been reported elsewhere. The long term significance of the immunomodulatory properties of the study compound and its role in preventing loco regional recurrence and development of second malignancy in treated HNCs need to be investigated further in a larger study with longer follow up.
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